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GLYCijHOL  ± Li  TiUj  xhindl Jiu  MI C  0 liiii 


/"Following  is  the  translation  of  an  article  by 
I.  V.  Domaradskiy,  L.  V.  Linnikova,  and  Ye.  P. 
Golubinskiy,  Hcientific-uesearch  'Antiplague  Insti¬ 
tute,  Rostov/Don,  published  in  the  Russian-language 
periodical  Voprosy  Medltsinskoy  Ahimii  (Problems 
of  Medical  Chemistry)  14(2),’  1968,  pages  185—190. 
It  was  submitted  on  26  aug  1966 ._/ 


A  different  relation  to  glycerol  is  one  of  the  main  features 
which  make  it  possible  to  distinguish  variants  of  the  plague  microbe 
from  each  other  /l,  27.  The  question  of  why  some  of  these  ferment 
glycerol  and  others  do  not  remains  unanswerf  d  up  til  now,  iVe  de¬ 
cided  to  study  the  mechanism  of  fermentation  of  glycerol  in  cul¬ 
tures  of  glycerolpositive  strains  of  the  plague  microbe,  and  by 
means  of  a  comparison  of  strains  which  decompose  and  do  not  decom¬ 
pose  glycerol  to  clear  up  the  absence  of  which  enzyme  (enzymes) 
conditions  the  inability  of  the  microbes  to  ferment  glycerol. 

Since  both  types  of  strains  ferment  glucose  easily  in  the  same 
manner  in  the  set  up  of  Lmbden-Meyerhof  /S7,  we  turned  our  main 
attontion  to  the  study  of  the  initial  phases  of  conversion  of 
glycerol,  up  to  the  stage  of  phosphotriose.  In  this  communication 
certain  preliminary  results  of  our  investigations  are  presented. 

Subsequently  we  designate  glycerolpositive  strains  as  GL+  , 
and  glycerolnegative  -  GL“  • 


Methods 


The  tests  were  up  with  vaccine  strains  LV  (GL~)  and  No  17 
(GL+).  In  addition  to  this  in  one  series  of  tests'  we  used  the 
prototrophic  mutants  of  these  strains,  vaccine  strain  No  1  (GL“) 
and  virulent  strain  No  1210  (GL+)  For  investigating  the  metab¬ 

olism  of  glycerol  and  its  possible  metabolites  the  bacteria  wore 
incubated  on  a  thick  Hottinger  medium  or  casein  hydrolyzate  (pH  7.2), 
with  glycerol  as  a  rule,  for  2  days  at  28°,  The  suspensions  of 
cells  were  washed  three  times  with  a  physiological  solution  of 
sodium  chloride.  The  concentration  of  cells  was  established  by 
the  optical  standard  of  the  Control  Institute  irnoni  L.  A.  Tarasevich. 
Absorption  of  oxygen  was  measured  by  the  '’direct"  method  in  a 
Warburg  apparatus  at  37°,  Samples  usually  contained  1.2  ml  of 
buffer  (phosphate  M/15,  veronal  Ivl/10,  borate  K/15 ) ,  of  the  corre¬ 
sponding  pH,  0.2  ml  of  substrate  (most  often  18  micromoles),  and 
0.5  ml  of  cell  suspension  (5  •  10*0).  jn  the  oontrol  samples  in 
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place  of  the  substrate  water  was  added.  Por  studying  the  metabolism 
of  glycerol  under  anaerobic  conditions  tests  were"  set  up  at  b7°  in 
test  tubes  under  a  layer  of  sterile  liquid  petrolatum  (composition 
of  the  sample  remained  the  same).  Glycerol  was  determined  by  tae 
method  described  by  Heish  /T/ ,  pyruvate  -  by  the  met nod  of  Pride man 
and  Khaugen,  lactate  -  by  the  method  of  Barker  and  Somers  on,  phos¬ 
phorus  -  by  the  method  of  Fisk-3ubbarrow.  The  utilization  of 
glycerol  and  its  possible  metabolites  was  judged  by  the  capacity 
of  the  plague  microbe  to  grow  on  synthetic  media,  in  which  the so 
substances  were  main  (in  the  case  of  auxotrophic  strains)  or  unique 
(in  the  case  of  prototrophic  mutants)  sources  of  carbon.  During* 
work  with  the  prototrophic  mutants  we  used  a  medium  which  was  pre¬ 
pared  by  means  of  the  addition  to  the  saline  base  of  the  synthetic 
medium  /5 7  of  0.05^  ammonium  sulfate,  0.05^  of  one  of  the  investi¬ 
gated  preparations,  and  1.5^o  of  washed  agar.  In  experiments  with 
auxotrophic  strains  the  synthetic  medium,  in  addition  to  the  stated 
ingredients,  contained  0.1  mg)>j  of  phenylalanine,  0.25  mg;4  of  cys¬ 
teine,  0.1  mg£>  of  methionine,  and  0.1  of  threonine  "(in  the 
absence  of  additional  sources  of  carbon  the  stated  amino  acids  in 
the  cited  concentrations  did  not  support  the  growth  of  the  plague 
microbe)*  Inoculations  of  washed  cultures  of  plague  microbe  on 
synthetic  media  were  made  with  a  calculation  of  10°  microbial  cells 
per  dish.  Results  of  the  experiments  were  considered  after  incu¬ 
bation  of  seedings  at  28°  for  5  days. 

•s:-::-  Subsequently  the  initial  strains  and  Ho  17,  and  also  No  1  and 
1210  are  designated  as  auxotrophic. 

Results  of  the  Investigations 

As  preliminary  experiments  showed,  strain  GL"^  of  the  plague 
microbe  decomposes  glycerol  with  the  absorption  of  oxygon;  in  con¬ 
trast  to  strain  GL+  strain  GL”  does  not  oxidize  glycerol.  Decom¬ 
position  of  glycerol  by  strain  GL+  is  primarily  an  aerobic  process, 
under  anaerobic  conditions  the  decrease  of  glycerol  is  86^  less. 

In  the  latter  case  it  still  has  not  been  cleared  up  as  to  what  is 
the  acceptor  of  hydrogen. 

The  capacity  of  strain  GL"*"  to  oxidize  glycerol  is  strengthened 
considerably  if  it  is  incubated  on  a  medium  v/ith  glycerol  (see  draw¬ 
ing).  Therefore  we  set  up  all  the  subsequent  experiments  with 
adapted  cultures  ,  The  addition  of  glucose  to  the  medium  is  not 
noticeably  reflected  in  the  ability  of  the  plague  microbe  to  oxidize 
glycerol.  This  fact  is  interesting  due  to  the  fact  that  on  cortain 
other  properties  of  the  plague  microbe  glucose  exerts  a  negative 
effoot  • 

The  oapaoity  of  the  plague  microbe  to  decompose  glycerol  Is 
preserved  after  washing  and  aeration  or  storage  of  cells  at  5°,  but 
disappears  under  the  influence  of  toluene.  The  effect  of  other 


enzyme  poisons  on  the  catabolism  of  glycerol  is  shown  in  Table  1. 

As  cun  oe  seen,  a  significant  influence  on  tne  metabolism  of  glycorol 
is  exerted  only  by  bromo-  and  iodoacetic  acid:  with  concentration*: 
or  tneift  equal  to  10-^1,  aosorption  of  oxygen  and  consumption  of 
glycerol  are  completely  stopped. 

In  a  borate  buffer  the  optimum  of  the  oxidation  reaction  of 
glycerol  lies  at  pH  7.8.  In  a  veronal  buffer  in  the  range  of  pH 
7.0 — 9.0  it  was  not  possible  to  establish  an  expressed  optimum, 
but  at  pH  6.0  the  absorption  of  oxygen  ana  decrease  of  glycerol 
are  reduced.  At  pH  7.2  the  intensity  of  conversion  of  glycerol  in 
a  borate,  and  especially  in  a  veronal,  buffer  is  comparible  with 
the  rate  of  oxidation  in  a  phosphate  buffer  (Table  2)« 

Judging  by  our  data,  for  1  mole  of  decomposing  glycerol  an 
average  of  around  1  mole  of  oxygen  is  consumed,  btoichiometrically 
this  corresponds  to  the  conversion  of  glycerol  into  pyruvic  ac id***;-# . 
However,  we  never  observed  the  conversion  of  glycerol  into  pyruvate 
even  in  a  veronal  buffer,  in  which  pyruvate  usually  accumulates 
most  of  all  (see  Tables  1  and  2).  Apparently  the  process  does  not 
stop  at  the  stage  of  formation  of  pyruvate;  it  proceeds  further, 
but  already  without  a  noticeable  expenditure  of  oxygen.  Here, 
along  with  other,  still  unidentified,  products  lactic  acid  is 
formed,  but  tne  quantity  of  it  does  not  exceed  10ft  (2  micromoles) 
of  the  amount  of  oxidized  glycorol. 

It  is  necessary  to  take  into  consideration  that  due  to  short¬ 
comings  in  the  design  of  the  manometric  vessels  (one  stationary 
side  retort)  the  time  of  determination  of  decrease  of  glycerol  in 
our  experiments  always  exceeded  tne  time  of  calculation  of  oxygen 
consumption.  This  apparently  explains  tne  quantitative  difference 
in  the* decrease  of  glycerol  and  the  consumption  of  oxygen. 

As  is  known,  the  decomposition  of  glycerol  begins  with  its 
phosphorylation  or  dehydrogenation.  In  order  to  come  close  to  an 
answer  to  the  question  as  to  what  starts  the  decomposition  of  gly¬ 
cerol  in  the  plague  microbe,  we  studied  the  relation  of  GI*  and 
GL~  strains  of  tne  plague  microbe  to  glycerophosphate,  dihydroxy- 
acetone,  and  glycoraldehyde •  The  results  of  our  experiments  are 
reduced  to  tne  following.  The  capacity  for  the  oxidation  of 
d,l-alpha-glycerophosphato  is  possessed  only  by  tho  GL+  strain,  and 
then  under  the  condition  that  the  experiments  are  conducted  in  a 
veronal  buffer,  but  even  in  this  case  the  rate  of  oxidation  »f  gly- 
ceropnospnato  is  less  tnan  the  rate  of  oxidation  of  glycorol  (Tables 
5  and  4)*.  The  oxidation  of  alpha-glycerophosphato  is  accompanied 
oy  tne  liberation  of  inorganic  phosphate  in  quantities  which  ~e 
equivalent  to  the  amount  of  absorbed  oxygen,  and  by  tho  formation 
of  traces  of  pyruvic  aaid.  It  is  interesting  to  note  that  the 
bota-isomer  of  glycerophosphate,  v/hioh  is  not  an  intermediate  pro¬ 
duct  from  the  decomposition  of  glycerol,  is  also  oxidized  by  the 
GL+  strain  of  the  plague  microbe.  In  spit©  of  tho  fact  tnat  the 
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GL “  strain  does  not  oxiuize  both  is oners  of  glycerophosphate,  small 
amounts  of  inorganic  phosphate  and  glycerol  aro  detected  in  the  medium. 
Apparently  in  this  case  decomposition  is  realized  und'>r  the  influence 
of  phosphatase  /*?,  }$/  •  The  GL"*"  and  GL“"  strains  of  mie  plague 
microbe  either  do  not  oxidize  dihydroxyacetone  at  all  or  oxidize  it 
very  weakly*  In  contrast  to  dihydroxyacetone,  d,l-glyceraldehyae 
is  oxidized  by  the  GL  +  strain  (but  not  the  GL*“).  Hero  trie  maximum 
rate  of  oxidation  is  noted  in  a  phosphate  buffer  (see  Table  4).  For 
the  purpose  of  determining  which  substrates  are  used  by  the  plague 
microbe  as  unique  sources  of  carbon  in  the  medium,  v/c  used  the 
prototrophic  mutants  of  the  plague  microbe  /o7.  As  the  experiments 
fiUiov/cd  (Table  5),  on  minimum  media  tne  uLf-  mutants  gro,.  in  the 
presence  of  glycerol,  alpha-  and  beta-isomers  of  glycerophosphate, 
and  3-phosphoglycoric  acid;  glycerolnegative  mutants  grow  only  in 
the  presence  of  the  last  substrate.  Behaving  in  the  same  manner 
as  the  GL  +  and  GL“’  prototrophic  strains  are  their  corresponding 
auxotrophic  strains  of  the  plague  microbe.  It  is  important  to 
stress  that  under  the  given  conditions  dihydroxyacetone  and  giycer- 
aldehyde  are  not  sources  of  carbon  for  the  plague  microbe. 


Influence  of  glycerol  and  glucose  in  the  incubation  medium  on  the 
capacity  of  tne  plague  microbe  to  oxidize  glycerol. 

Voronal  buffer  pH  7.2;  inoubation  25  minutes;  reliable  interval  - 
for  probability  0.99. 

1  -  absorption  of  oxygen  by  culture  from  a  medium  without  an  adaltive; 

2  -  absorption  of  oxygen  by  oulture  from  a  medium  with  glycerol; 

3  -  absorption  of  oxygen  by  culture  from  a  medium  with  glucose. 

Figures  under  the  columns  -  number  of  tests,  (a)  -  micromoles. 


Table  1 

Influence  of  enzyme  poisons  on  tne  metabolism  of  glycerol  (strain 
bo  17,  pH  7.2,  incubation  25  minutes;  in  micromoles  per  sample)  1 
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1  In  tnis  and  subsequent  tobies  the  figures  represent  tne  average 
and  tne  error  of  averages  (M±n). 

2  /“Acronyms  explained  in  the  legend__7 
5  average  of  o  tests. 

4  Average  of  2  tests. 

5  One  test. 

Legend:  (a)  Sample:  x  -  Without  poison;  o  -  with  DAP  /p-dlnitrophenol^ 
®  -  V/ith  Map1  /sodium  fluoride/;  A  -  with  I0A  /iodoacetic  acid/; 

0-  with  I.IPAA  /nonofluoroacotamide/;  Q  -  With  bnA  /bromoacetic  acid/; 
(b)  Humber  of  tests;  (c)  Concentration  of  poison  (in  moles);  (d) 
buffer;  (e)  absorbed  oxygen;  (f)  Utilized  glycerol;  (g)  Pyruvic 
acid  detected;  (h)  Phosphate;  (i)  Veronal. 


Table  2 


hetabolism  of  glycerol  in  vurious  buffers  (pH  7.2,  strain  Ho  17, 
incubation  40  min;  in  micromoles  per  sample) 
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Key:  (a)  buffer;  (b)  Ho  of  teats;  (c)  Oxygon  absorbed;  (u)  Glycerol 
usod;  (o)  Pyruvic  aoid  detected;  (f)  Phosphate;  (g)  Veronal; 

(n)  Borate. 
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Discussion  01’  Results 

Our  findings  testify  to  the  presence  in  GL ^  strains  of  a 
number  of  enzymes  which  participate  in  trie  decomposition  of  glycerol 
and  which  are  not  formed  by  GL"”  strains.  Consequently  trie  differ¬ 
ence  between  the  GL*and  GL" strains  amounts  to  the  inability  of 
GL*"  strains  to  form  all  these  enzymes.  The  latter  is  probably  a 
genotypic  characteristic.  As  regards  the  question  of  the  paths  of 
conversion  of  glycerol  in  GL+  strains,  then  it  still  reiiiains  open, 
in  the  light  of  the  data  presented,  the  previously  expressed 
hypothesis  that  glycerophosphate  does  not  lie  on  the  path  of  break¬ 
down  of  glycerol  £LdJ  has  received  new  confirmation.  However, 
not  included  within  the  framework  of  this  hypothesis  are  facts 
testifying  to  the  absence  in  the  plague  microbe  of  the  capacity 
to  oxidize  dihydroxyac stone  and  to  use  it  as  a  source  of  carbon. 
Nevertheless,  the  first  product  in  the  conversion  of  glycerol  may 
not  be  dihydroxy&cetone,  but  glyceraldehyde. 

Table  3 


Comparative  data  on  the  metabolism  of  glycerol  and  d, 1-alpha- 
glycerophosphate  (veronal  buffer,  pH  7.2,  incubation  25  min, 
strain  No  17,  in  micromoles  per  sample) 
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Key:  (a)  Oxidation  substrate;  (b)  Number  of  tests;  (c)  Oxygen 
absorbed;  (d)  Pyruvic  acid  detected;  (a)  Phosphate  detected; 
(f)  Glycerol  used;  (g)  Glycerol;  (h)  Glycerophosphute . 


For  a  final  solution  of  the  question  concerning  tne  putns  of 
glycorol  breakdown  it  is  necessary,  first  of  all,  to  obtain  prepar¬ 
ations  of  tne  corresponding  enzymes,  and,  secondly,  to  attempt  to 
isolate  a  mutant  which  is  devoid  of  phosphatase  uc  ivity  (reiativo 
to  alpha-glyoerophosphate) .  This  will  make  it  possible  to  exclude 
the  possibility  of  oxidation  of  glycerophosphate  by  an  intermedia to 
routo,  i,o.,  through  glycerol.  Finally  it  is  necessary  to  experi¬ 
mentally  verify  tne  hypothesis  of  Boyce  and  associates  [V£/  concern¬ 
ing  tne  metabolism  of  glycerol  in  the  plague  microbe  tnrough  tuo 
3tago  of  formation  of  hexoae,  and  to  clear  up  in  what  mannor  the 
GL**  strain  of  the  plague  microbe  uses  glycerin  for  tne  synthesis 
of  amino  acids,  ribose,  and  deoxyribose. 
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Table  4 
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Table  5 


Growth  of  plague  microbe  on  dense  synthetic  media 


jgSj'OCT  LUT «;yMHOfC  MHKpoCj  l.  n \ 'C > Tct M> il 

MIS  m  ©.  m. 


MyMMOro 

MHKpOOa 


J  MU  npoTOTpoS  rvi- 
L  .V.'  17  nptiTOTpotJi 

f‘  rJTr  . 

■*-"  IP!  .IJ-KCOTpwp  rvi~ 

.'FV  .V  17  ayKCOT?«fc 

r.i  ►  . 

/ry  .V:  1  nyxcoipoS 

171“  . 

O  «V?  ;  0  ayKCo:po<j) 

rr.~  .... 


i  i  u 

5  !  r-i 


3  ^  I  x  r  ' 

t;  I  ;?  ?=  '  j  »  a  5 

«t  j  Cv  :  «x  r-  ,  rta  5 


~b  growth;  — >  aosonc 


rov/th. 


^  /  *  .  _  9  ..w  A.  w  w  yj'Jii  \JJli  *  :  til  *V  Y( 

I'Vloin  in)  17  au*otro^  dL+  ;  (n)  ho  1  auxotro ->h  GL~  ; 

/  -o  1210  auxotroph  GL*"  •  * 


7 


Conclusions 


1.  Tne  GL^  strain  of  tne  plague  microbe  oxidizes  glycorol,  t,lycer- 
aldehydc,  a&u  glyceroonospnnte,  but  practically  does  not  oxiuize 
dinydroxyacetono .  The  oL“  strain  does  not  oxidize  tuoso  substrates 
at  all. 

2.  As  unique  sources  of  carbon  tho  GL*' strain  uses  glycorol, 
glycerophosphate,  nd  5-phospnoglycaric  acid.  The  GL"  strain  uses 
only  tho  last  substrate. 

3.  The  capacity  to  oxidize  glycerol  is  strong tnoned  considerably 
during  incubation  of  the  GL  +  strain  on  a  medium  with  glycerol, 

4.  Oxidation  of  glycerol  is  accompanied  by  the  formation  of 
pyruvic  acid  and  lactic  acxd. 

t>.  Oxidation  of  glycerol  is  inhibited  by  brono-  ana  iodoacetic 
acid;  such  an  effect  is  not  exnibited  by  dinitrophenol,  fluoro- 
acetamide,  and  sodium  fluoride. 

6.  Tne  influence  of  tne  nature  of  tne  buffer  on  the  breakdown  of 
glycerol  is  manifested  only  in  the  fact  tnat  in  a  veronal  buffer 

is  a  greater  accumulation  of  pyruvic  acid  than  in  tne  others. 


there  is  a  greater  accumulation  of 
In  a  veronal  buffer  the  greatest  rate  of  oxidation  lies  within  tho 
of  pH  7.0— 9.0. 


range 
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